Abstract The canopy is host to a large percentage of the flora and fauna in tropical wet forests and is distinct from the forest floor in plant richness, soil type and microclimate. In this study, we examined the influence of tree species and season on soil nutrient cycling processes in canopy soils of four tree species common to Costa Rican wet forests. We also compared the canopy soils to the associated forest floor mineral soils. Both tree species and season had strong effects on canopy soil nutrients and processes.
Introduction
The rainforest canopy habitat supports a large percentage of the vascular flora, 25-35% (Gentry and Dodson 1987; Nieder et al. 2001) as well as animal biota (i.e. Erwin 1997) . The high diversity of epiphytes is supported via nutrients coming principally from canopy soil (Nadkarni 1984) , precipitation, throughfall and nitrogen-fixing lichen (Clark et al. 1998b, c; Forman 1975; Liu et al. 2002; Veneklaas 1990 ) whereas nutrient sources on the forest floor come principally from forest floor soils. The differences in nutrient sources between canopy and terrestrially rooted plants is reflected in their differences in nutrient concentrations and stable isotopes (Putz and Holbrook 1989; Wania et al. 2002; Watkins et al. 2007) . We have only begun to quantify and understand the flow of nutrients into and out of the canopy, yet existing data indicate that the principle source of nutrients, for epiphytes in particular, is canopy soil Stewart et al. 1995) .
Canopy soil is an arboreal histosol and is composed of decomposed epiphyte and host tree litter. The proportional contributions of each litter source to canopy soil is unknown, however in a premontane rainforest in Costa Rica, host tree leaf attrition in the canopy was high, with 70% of intercepted litterfall lost within 2 weeks (Nadkarni and Matelson 1991) . The authors hypothesized that the high attrition rate was, in part, due to the high wind speeds documented for the site (>100 km h −1 during storms) which lies on the continental divide. The much lower wind speeds in lowland forests (4.5-11.5 km h −1 , our study site La Selva Biological Station, Costa Rica and Brazil, respectively (Kruijt et al. 2000; McCay 2003) suggest that residence time is likely higher in the canopy and thus host tree leaf litter may contribute to canopy soil composition. The host tree defines the canopy habitat; it is the substrate and influences the microclimate through tree architecture and phenology (Cardelús and Chazdon 2005; Cardelús and Watkins 2008; Hietz and Briones 1998; Pittendrigh 1948 ) and can affect vascular epiphyte abundance and composition (Cardelús 2007) . Host tree species-driven effects may extend to canopy nutrient cycling and status via host tree foliar leaching and litter contributions to canopy soil. Such contributions are likely reflected in soil nutrient status and properties. The former leaching effect was highlighted in recent work in an Hawaiian Montane forest where researchers found that increasing forest floor phosphorus (P) inputs increased nonvascular epiphyte flora abundance and diversity (Benner et al. 2007; Benner and Vitousek 2007) . The degree to which the host tree species may influence canopy nutrient status and drive nutrient cycling is one of the foci of this study.
Numerous studies in temperate forests have demonstrated tree species effects on soil characteristics, biogeochemistry and microbial composition (Angers and Caron 1998; Binkley and Giardina 1998; Finzi et al. 1998; Hobbie et al. 2006 Hobbie et al. , 2007 Lovett et al. 2002 Lovett et al. , 2004 . These effects are attributed to variation in tree species litter quality, litter decay rates, root exudation and nutrient uptake and are also likely affected by the soil community (microbes and animals). Our knowledge of such processes in tropical forests is more limited. Recent work in a tropical moist forest examining litter depth effects on tree root biomass indicates that roots can respond quickly to fresh litterfall (Sayer et al. 2005) . Differential litterfall among species (i.e. evergreen vs. deciduous) could result in differences in soil nutrients. However, in lowland tropical wet forests, the results of studies on species effects on forest floor soil parameters are ambiguous (Powers et al. 2004; Rhoades et al. 1994) likely because of the high species richness and thus less dominant effects of individual trees on soil processes.
Multiple plant traits can influence soil processes (Eviner and Chapin 2003 ). Yet, because of the epiphytic canopy community's separation from forest floor soil we can constrain tree species effects on canopy soil properties to litter additions and foliar leaching. Labile litter, such as that with high nitrogen (N) and low lignin, decomposes more quickly making more N available for plant use compared to recalcitrant litter, such as that with low N and high lignin (Chapin 1980) . Thus, we predicted that host trees with high litter quality (low C/N ratios and low lignin concentrations) would maintain canopy soil with high bulk density, low C/N ratios, high available N and P concentrations and high N mineralization rates compared to host trees with lower litter quality. In this study we also examined the effect of season on canopy soil nutrients and processes because rates of soil processes may vary with seasons, as microbes respond to changing environmental conditions. Wet seasons often show higher rates of net N-mineralization than dry seasons (Corre et al. 2002) . As a result, we also predicted that season would have a significant effect on soil processes with the wet season exhibiting greater N-mineralization rates and available nutrients than the dry season.
We also compared canopy soil to the forest floor mineral soil horizon (A) with the expectation that they would differ in multiple variables given their fundamental differences in composition: canopy soils are organic while forest floor A horizon is mineral soil (Clark et al. 1998a ). In the few published studies that compare canopy soil and forest floor mineral soil in premontane tropical wet forests, canopy soils had higher concentrations of bulk soil nitrogen (N) and greater net N-mineralization rates, but similar concentrations of bulk phosphorus (P) and microbial biomass N to forest floor mineral soils Vance and Nadkarni 1990 ). In line with previous studies, we predicted that canopy soils would have lower bulk density and higher %N content and greater N mineralization rates per gram of soil than forest floor mineral soils. To address these hypotheses, we examined the canopy organic soils and forest floor mineral soils associated with four tree species in a lowland tropical rainforest, La Selva Biological Station, in Costa Rica.
Material and methods

Study site
This study was conducted at La Selva Biological Station (84°00′12″ W, 10°25′52″ N, 40 m a.s.l.) in northeastern Costa Rica. The La Selva forest is 1,600 ha of principally old-growth forest. It is categorized under the Holdridge system as a tropical wet forest (Holdridge 1967) , and receives 4,000 mm of precipitation per year. The dominant season is the wet season, May-January, with average monthly precipitation of 382 mm. The dry season, FebruaryApril, is mild with an average, monthly precipitation of 172 mm. Average monthly temperature is 25.8°C± 0.2 and varies little throughout the year (McDade et al. 1994 ).
Tree species
Our study focused on the canopy and forest floor mineral soils of four canopy tree species: Ceiba pentandra (Bombacaceae), Lecythis ampla (Lecythidaceae), Hyeronima alchorneoides (Euphorbiaceae), and Dipteryx panamensis (Fabaceae) due to their varying leaf characteristics and phenologies. Ceiba pentandra is deciduous in the dry season, while L. ampla is deciduous in the wet season and drops all of its leaves in a 48 h period (C. A. Cardelús, personal observations) and stays leafless for approximately 1 month. Dipteryx panamensis is deciduous in the dry season and stays leafless for approximately 2 months and also has continuously shedding bark. Hyeronima alchorneoides, by contrast, is evergreen.
Field collection
We randomly selected three individuals of each tree species (C. pentandra, D. panamensis, H. alchorneoides and L. ampla) from five to six individuals of each tree species that we had identified as healthy and thus, safe to climb. The elevation of the selected trees varied little, 80.2±8.6 m, however forest floor soil type varied with species and individuals. All C. pentandra individuals, two of the three D. panamensis and H. alchorneoides individuals, and one of the three L. ampla individuals were found on alluvial soils and the remaining individuals were found on residual soils. In 2004, litter was collected from all D. panamensis, H. alchorneoides and L. ampla individuals and one C. pentandra individual that was not a part of the current study as we missed the deciduous leaf fall of our study individuals.
In the beginning of the 2004 dry season (before D. panamensis and C. pentandra had dropped their leaves), we removed all leaf litter from the soil surface and volumetrically sampled 80-125 g of field moist canopy soil from two areas on each of two lower branches: the area directly next to the trunk and 2.5 m from the trunk. We then volumetrically sampled forest floor soil, two 10 cm deep cores, below each sampled branch next to the trunk and 2.5 m from the trunk. La Selva conventionally has two forest floor soil types, alluvial and residual, both are deeply-weathered, clay, volcanically derived forest floor soils that are oxisols, specifically Typic Haploperox, the difference being that the alluvial soil is considerably younger than the residual soil (Veldkamp et al. 2003) . As with canopy soils, leaf litter was removed from the surface before collection. Unlike canopy soils, forest floor mineral soils had an undetectable organic layer furthering our expectation of different nutrient dynamics between the two soil types.
Our second season of sampling was in the wet season when all trees were fully leaved; we did not collect soils during L. ampla's leafless phase. For our second season of sampling, we reduced the number of canopy samples to one per branch, next to the trunk, as we found no statistically significant differences associated with location along the branch for nutrient and soil characteristics during the dry season. All soils were sampled on rainless days because of safety issues related to tree climbing.
Nutrient analyses
Five grams of litter from each individual of D. panamensis, H. alchorneoides and L. ampla, and the single individual of C. pentandra, were ground using a Wiley Mill (Thomas Scientific, Swedesboro, NJ), passed through a #40 screen and analyzed for percent carbon (C), %N and % lignin concentrations. Total % C and %N were determined on a Costech Analytical Elemental Analyzer (Valencia, California). Total %P concentration was determined using an ash-digestion (Jones and Case 1996) followed by colorimetric analysis (Astoria Pacific, Clackamas, Oregon). Lignin concentrations were determined using a fiber analysis procedure which uses multiple extraction solutions to determine different C fractions, and ultimately total lignin content (Ankom 1996a, b) .
All soil samples were homogenized by hand in the laboratory and roots and coarse materials (>2 mm) were removed and weighed. All soils from both sampling periods were analyzed for pH (H 2 O; Thomas 1996) , concentrations of total bulk %C,
oven dry equivalent (ode) soil (Mulvaney 1996)), dissolved organic N (DON; mg-N g −1 ode soil, (Sollins et al. 1999) ), net N-mineralization, ammonification and nitrification (μg-N g −1 ode soil day −1 ) and available P (μg-P g −1 ode soil, (Murphy and Riley 1962) ). Soil samples from the dry season were also analyzed for bulk density (g cm −3 , oven dried mass/sample volume (Blake and Hartge 1986)), total bulk % P, dissolved organic C (DOC; mg-C g −1 ode soil), and microbial biomass C and N (mg-C or -N g −1 ode soil). Soil samples from the wet season were also analyzed for microbial and fungal functional richness. Total C, N and P, and natural abundance δ 13 C and δ 15 N, were determined from soil samples which were ground using a Wiley Mill (Thomas Scientific, Swedesboro, NJ) , and passed through a #40 screen. Carbon, N and isotopes were measured on a Costech Analytical Elemental Analyzer (Valencia, California) coupled to a Delta Plus Isotope Ratio mass spectrometer (Brenen, Germany). Bulk P was determined via inductively coupled plasma mass spectrometry (ICP-MS (Soltanpour et al. 1996) ) method (ALS Chemex, Reno, Nevada).
Mineralization rates were determined ex situ using a 7-day laboratory incubation. One, 10 g fresh soil subsample was extracted with 50 ml of 0.5 N K 2 SO 4 at time zero, while another 10 g fresh soil subsample was incubated in a 250 ml urinalysis cup for 7 days at ambient temperature (25°C) and then extracted with 0.5 N K 2 SO 4 . Dissolved inorganic N was then analyzed for nitrate and ammonium concentrations with colorimetry. Initial samples were also analyzed for DON and DOC (dry season only). In the dry season, total dissolved C and N (TDC or N) were measured on a Shimadzu TIC/TOC analyzer coupled to a chemi-luminescent total N analyzer (Columbia, MD) at the University of Colorado. In the wet season, TDN was measured through persulfate oxidation of DON (Sparling et al. 1996) followed by colorimetric analysis. Dissolved organic N concentrations were determined by the difference between TDN and DIN.
Microbial biomass C and N were extracted using the fumigation-extraction method (Brookes et al. 1985) and later analyzed for total C and N on the TOC/TN analyzer at the University of Colorado. To calculate microbial biomass C and N, we subtracted unfumigated and extracted soil TDC or TDN from fumigated and extracted soil TDC or TDN. We applied conversion factors of K EC of 0.45 and K EN of 0.54 for C and N, respectively (Brookes et al. 1985; Joergensen 1996) . We used a resin extraction for available P (5 g Biorad, AG 1-X8, Cl − form; in concentrate bag, ANKOM Technology part #R510) ) followed by colorimetry.
Microbial functional richness
The functional richness of fungi + bacteria was determined with the use of Biolog™ Filamentous Fungi (FF) MicroPlates (catalog #1006, Biolog™, Hayward CA) and FF inoculating fluid (catalog #72106, Biolog™). During the wet season, one branch and one forest floor sample was analyzed from each replicate tree of each species (n=12). In addition, Biolog™ EcoPlates (catalog #1506, Biolog, Hayward, CA) were applied as a course index of bacterial functional richness (Garland 1997; Garland and Mills 1991) . Well absorbance for each method was measured at 490 nm using a microplate reader (EL800 Bio-tek instruments, Winooski, VT). The number of positive wells per sample was an indication of the functional richness of the community of fungi + bacteria (for FF plates) and bacteria (for Biolog plates) that can be effectively cultured in EcoPlates (Dobranic and Zak 1999) .
Statistical analyses
This study was designed to examine differences in canopy soil properties and nutrients both among tree species and within tree species between seasons. To determine differences among the four species we used analysis of variance on normally distributed data or Kruskal-Wallis rank sums tests on non-normally distributed data. Our continuous variable was the nutrient in question and our categorical variable was tree species. This was followed by a post-hoc student's t-test to determine the least significant difference among species pairs. To determine differences between seasons within a species or between canopy and forest floor mineral soils, we used t-tests on normally distributed data and Wilcoxon Rank Sums tests on non-normally distributed data. We used a non-parametric discriminant function analysis (DFA) to determine if tree species groupings accurately predicted canopy soil groupings for both seasons. For the latter, we only included variables that were measured in both seasons (available P, %N, %C, net N-mineralization rate, DON, δ 13 C and δ 15 N values). Finally, to examine the relationship between host tree litter variables and net mineralization rates we used linear regression.
Results
Host tree litter chemistry
Litter chemistry was variable among tree species (Table 1) . The only leguminous species, D. panamensis, had the highest N and P concentrations and lowest C/N ratios of all species. Both C. pentandra and H. alchorneoides had the highest C/N ratios, lignin concentrations and lignin/N (Table 1) . Lecythis ampla had the lowest P concentrations, but also the lowest lignin and mean lignin/N ratios of all species.
Canopy soil: physical properties, nutrients and processes Canopy soil bulk density varied two-fold among tree species with D. panamensis having significantly higher bulk density than all other species (Table 2) . Soil pH was not significantly different within tree species between seasons however it varied significantly among species with C. pentandra consistently having the highest pH in each season (Table 2) .
Dry season Within the dry season, differences in canopy soil among canopy tree species were detected in %N, C/N ratios and δ 13 C values (Table 2) . Ceiba pentandra and D. panamensis, both dry season deciduous species, were consistently similar to each other and H. alchorneoides and L. ampla, both dry season evergreen species, were consistently similar to Wet season Differences in canopy soils among species were not consistent between seasons. The wet season saw significant differences in: ammonium concentrations (Fig. 1) , ammonification, nitrification and net N-mineralization rates (Fig. 2) and natural abundance δ 13 C values (Table 2) . Interestingly, H. alchorneoides, the species with one of the highest C/N ratios and lignin concentrations, had the highest mean Different lower case letters indicate significant differences among species within a season using one-way ANOVA for normal data or Kruskal Wallace (χ 2 statistic) for non-normal data (p=<0.05).
*p<0.05, significant differences between seasons within a species using a student's t-test net N-mineralization rates of all species and L. ampla, the species with the lowest lignin/N ratio and lignin concentrations, exhibited only net N-immobilization (Fig. 2) . Delta 13 C values were significantly more enriched in D. panamensis canopy soils compared to all other species (Table 2) .
Of note are the soil parameters that did not vary among species within either season, namely: %C (dry: F 22 =2.90, p = 0.062; wet: χ 2 21 =5.53, p = 0.137), available P (Table 2) , total DIN (Fig. 1) , DON (Table 2 ) and δ 15 N values (Fig. 3) .
Seasonal effects within tree species Seasonal differences within species were found in multiple variables. Net N-mineralization and ammonification rates were significantly higher in the wet season than the dry season in all species, while DON showed the reverse pattern (Table 2) . Dissolved inorganic nitrogen con- N values of canopy and forest floor soils of four tree species at La Selva Biological Station during both the wet and dry seasons. Asterisks (*) indicate significant difference between seasons within a tree species centrations were significantly higher in the dry season in C. pentandra, D. panamensis and L. ampla canopy soils (Fig. 2) . Ceiba pentandra and H. alchorneoides δ 15 N values varied between seasons with values more depleted during the dry season (Fig. 3 ). Available soil P was significantly higher during the dry season than wet season in all species (Table 2) .
To determine overall soil nutrient differences among species within seasons, we conducted a DFA using most of the nutrient variables measured in both seasons. We found that patterns among species differed with seasons. During the dry season each host tree species was statistically distinct ( Fig. 4a ; MANOVA: Pillai's trace=2.13, F=3.47, p=0.001).
Axis 1 explained 65.9% of the variance and axis 2 explained 27.6% (Eigenvalues 8.36 and 3.50, respectively) . Percent N loaded most heavily on axes 1 and 2, followed by δ 15 N and %C. During the wet season, the relationship among tree species was different from the dry season: D. panamensis canopy soils were statistically distinct from C. pentandra, H. alchorneoides and L. ampla, and H. alchorneoides and L. ampla canopy soils were distinct from each other ( Fig. 4b; was 90.8%). Dissolved organic N loaded most heavily on both axes, followed by %N and δ 13 C. Host tree litter % lignin was strongly and positively correlated with two canopy soil nutrient variables: wet season net N-mineralization rates (Fig. 5a ) and wet season DIN (Fig. 5b) . Canopy and forest floor mineral soils: physical properties, nutrients and processes Canopy soil bulk density was 7.5-times lower than that of forest floor soil (Table 3) . Overall, canopy soils were significantly more acidic than forest floor mineral soils in both the dry and wet seasons (Table 3) . Canopy and forest floor mineral soils differed significantly in most nutrients and processes in both seasons.
Dry season
In the dry season, %C, C/N ratios (Table 3) , %N, N/P ratios (Fig. 6 ) nitrification rates (Table 3) , DON and microbial biomass C and N ( Fig. 7) were significantly higher in canopy than in forest floor mineral soils. Percent N was 4.3 times greater in canopy compared to forest floor mineral soils. Forest floor mineral soils had significantly greater %P as well as 2‰ more enriched δ 13 C and δ 15 N values than canopy soils (Table 3) .
Wet season There were fewer differences between canopy soils and forest floor mineral soils during the wet season. Consistent with the dry season were the significantly greater %C, %N, C/N ratios and DON in canopy than forest floor mineral soils as well as the more enriched δ
13
C values of forest floor mineral soils. However, δ 15 N values were not statistically distinct nor were there differences in mineralization rates (Table 3) . Although total bulk P concentrations were higher in forest floor mineral soils, available P did not differ between habitats in either season (Table 3) .
Functional richness of bacteria and fungi between habitats
In the wet season, canopy soils harbored greater fungal + bacterial functional richness (the number of FF Plate substrates utilized) than forest floor mineral soils (F 22 =4.45, p=0.047). However, bacterial func- Statistics report differences between habitats using a student's t-test. tional richness alone (the number of EcoPlate substrates utilized) was lower in canopy than forest floor mineral soils (F 21 =16.30, p=<0.001).
Discussion
The rainforest canopy is a hot-spot of species richness (Connell 1978; Ellwood and Foster 2004; Gentry and Dodson 1987; Nieder et al. 2001 ). While we know there are vast differences between the canopy and forest floor habitats in microclimate (Cardelús and Chazdon 2005) , species composition (Gentry and Dodson 1987; Nadkarni and Longino 1990; ) and soil composition , we know much less about how tree species influence canopy processes. We examined whether canopy soil nutrient dynamics varied among tree species and with season in a lowland wet forest in Costa Rica and found that the canopy soil of different tree species varied in fundamental ways and that season had a strong effect.
Canopy soil: dry season
The dry season in this lowland wet forest site receives >100 mm of rainfall per month (McDade et al. 1994 ). This drier period has a significant impact on the canopy microclimate in which the variation in % light transmittance and % humidity is higher and more variable than the wet season when trees are evergreen (e.g. dry season % humidity: 75-93% vs. wet season % humidity 81-98%) (Cardelús and Chazdon 2005) . In this period of more extreme microclimate, differences in soil parameters among species were pronounced and were exemplified in the DFA which showed that all species were significantly separated from each other during the dry season (Fig. 4a) . These dry season differences among species were largely driven by canopy soil %N, %C and δ 15 N values which were more variable during the dry season.
While the overall differences in soil properties and nutrient concentrations among tree species are likely due to a combination of factors, including the effects of canopy architecture on microclimate and soil trapping, there were interesting similarities in the dry season among species with similar phenologies. For example, H. alchorneoides and L. ampla, both dry season evergreen species, had %N and δ 13 C values similar to each, and significantly different from each other, C. pentandra and D. panamensis, both dry season deciduous, which were similar to each other (Table 2 ). These similarities do not appear to be linked to host tree litter quality because H. alchorneoides and L. ampla varied significantly in all measured litter characteristics except %C, while D. panamensis had the highest and C. pentandra the lowest %N and C/N ratios of all species (Table 1 ). It appears that the differences among species in phenology directly affects microclimate, which in turn could affect nutrient processes.
Canopy soil: wet season Soil parameters were less variable during the wet season than the dry season and the linking of species with similar phenologies was not evident. As demonstrated by the wet season DFA, trees species were more similar to each other during the wet season than the dry season (Fig. 4) . D. panamensis was the only species that was statistically distinct and this distinction was largely driven by DON and N concentrations and δ
13
C values. Dipteryx panamensis canopy soils were also distinct from other species in bulk density, which was significantly higher than other species (Tables 2), potentially indicating that its soil had undergone greater decomposition.
Studies have shown that a negative correlation exists between host tree litter % lignin and wet season N-mineralization rates and DIN concentrations (i.e. (Chapin 1980) . However, we found a strong positive correlation between these variables in the wet season (Fig. 5) , which was the opposite of our prediction. This counter-intuitive result may reflect a negative correlation between lignin and more readily available C compounds in litter and soil organic matter. Microbes breaking down low lignin substrates may have access to higher concentrations of available C compounds, resulting in higher rates of N immobilization than in substrates with high lignin and low available C compounds (Hobbie et al. 2007 ).
Canopy and forest floor mineral soils Canopy soils were highly organic, with six times more carbon per unit mass than forest floor mineral soils (Table 3) . Canopy soils were also more acidic than forest floor mineral soils (Table 3) , a pattern also found in a premontane rainforest in Costa Rica (Vance and Nadkarni 1990) . Soil %N was greater in soils from the canopy than those from the forest floor, which is consistent with findings in other studies (Nadkarni et al. 2004; Veneklaas et al. 1990; Wania et al. 2002) . Net Nmineralization rates, overall, were also higher in canopy soils compared to the forest floor mineral soils during the wet season. Both these lines of evidence suggest that per unit soil mass, N availability is higher in canopy soil, at least during the wet season. Carbon concentrations were also higher in canopy soils and C/ N ratios were twice those of forest floor mineral soils (Tables 3). Higher N mineralization rates in the soils with the highest C/N ratios suggests that N mineralization is more closely linked to the chemical composition of the carbon compounds present rather than the stoichiometry of the two elements.
Net N-mineralization essentially halted during the dry season in both habitats (Table 3) . The high immobilization rates in the dry season could be caused, in part, by low water availability which causes limited diffusion of substrates, simple inactivity, or microbial die-off (Maier et al. 1999 ). The slowing of N-mineralization rates during the dry season was reflected in the accumulation of DON in both canopy and forest floor mineral soils (Table 3) . There was a significant decrease in wet season DON concentrations in both the canopy and forest floor habitats which was likely due to a combination of increased net N-mineralization and plant uptake. In the canopy, plant uptake of DON may be more important than on the forest floor as some amino acids have been demonstrated to be a preferred source of N in some tropical epiphytic ferns and tank bromeliads (Benzing 1970; Endres and Mercier 2003) and have been shown to be an important source of N for artic tundra plants where soils are also highly organic (Kielland 1994 (Kielland , 1997 Persson et al. 2003; Schimel and Chapin III 1996) .
There were surprising similarities in the availability of nutrients in canopy and forest floor mineral soils. Higher P-availability during the dry season was followed by low concentrations during the wet season in both habitats. The high P concentrations in the dry season may reflect the accumulation of available P due to decreased plant activity and leaching (Campo et al. 1991) . A similar pattern was found in a Mexican dry forest where dry season soils released P through mineralization when wetted, whereas wet season soils immobilized P when wetted (Campo et al. 1991) . The similar patterns and concentrations of available P in both habitats across seasons indicate possible conservation and tight cycling of P. This finding is supported by recent work in Hawaiian Montane forests which showed increases in nonvascular epiphyte biomass and diversity with increases of P to both the forest floor and the canopy directly (Benner et al. 2007; Benner and Vitousek 2007) as well as studies on individual plant species demonstrating that P limits reproduction in one species of bromeliad (Zotz and Richter 2006) and is retranslocated more readily than N in multiple epiphyte species (Zotz 2004) .
These data exemplify the differences between the canopy soils and forest floor mineral soils in fundamental soil properties which are direct effects of litter inputs and the rate of nutrient cycling. Our data also demonstrate that tree species has significant effects on canopy soil nutrients and processes and these effects change with season. This is the first study to quantify species differences in canopy soil nutrient status. While these findings are intriguing they are not, however, surprising given the direct inputs of foliar leachate and litter that they contribute to the canopy. While host trees can have direct effects on the fertility of their associated forest floor soil (Prescott 2002; Zinke 1962) , our data as well as data from three of the tree species studied here (in the same site) were found to have no effect on their local soil chemistry (Powers et al. 2004 ) which indicates that the influences of the host tree extends to the canopy but not below it.
